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Abstract 
There are several problems in the fire safety design of a high-rise residential building: the staircase for evacuation can’t run from the top 
to the ground and the occupants can’t directly evacuate to the outside of the building; fire lift can’t directly reach the first floor and the 
scissor-shaped staircase shares its lobby with the fire lift. Based on these problems, fire safety objectives have been defined and suggested 
solutions have been provided. Hopefully, the suggested solutions can provide references for the fire safety design of similar high-rise 
buildings. 
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Technology. 
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1. Introduction 
“11.15” Shanghai disastrous fire aroused profound consideration of the fire safety of high-rise residential buildings in 
China. This disaster was caused by the energy-saving project of the building, not because of the design of the high-rise 
building itself, however, how to improve the fire safety of high-rise residential buildings and to safeguard the life safety of 
the residents has become the most important issue that must be considered seriously during the fire safety design of this kind 
of building. Therefore, analysis of the problems in the fire safety design of a high-rise building in the north part of China has 
been done as an example to provide references for the fire safety design of the same kind of buildings in the other areas of 
China. 
2. Fire risks of the high-rise residential building 
Fire risks of the high-rise residential building usually include the followings. 
(1) Rapid fire and smoke spread. 
Because of the “chimney effect” of the high-rise building, fire and smoke can spread to the upper floors very rapidly 
through staircases, elevator shafts and ducts in a very short time if the fire and smoke control measures are not adequate. 
(2) Difficult fire fighting and rescue. 
Factors like the height of the building, the inadequate fire fighting equipment and fire fighting at an elevated height 
certainly increase the difficulties of the fire fighting in a high-rise building. Moreover, the current cladding systems of most 
high-rise buildings in China are combustible, which contribute a lot to the vertical spread of fire. In this case, fire covers the 
building from outside and it increases the difficulties for fire fighters to do fire fighting and rescue.  
(3) Difficult safe evacuation of the occupants. 
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Generally speaking, there will be more occupants in a high-rise residential building than those of a low building. In 
addition, the vertical travel distance for a high-rise building is quite long, which makes the evacuation more difficult. 
Furthermore, the fire safety sense of the public in China needs to be improved. The lack of common sense of fire safety and 
ability of escaping safely from the building in case of fire increases the safe evacuation time. 
(4) Fire usually lasts for a quite long time. 
Fire lasts longer in a high-rise building because high-rise buildings are usually large in area and heavy in fire load. 
Therefore, high-rise building fire often lasts longer and sometimes it may spread to the adjacent buildings. 
3. Problems in fire safety design of a high-rise residential building 
In the north part of China, most high-rise buildings for residential occupancy are unitized because it is quite cold in 
winter and the residents often choose rooms with enough sunshine. Here, I would like to take a unitized high-rise residential 
building as an example to show the problems in the fire safety design of this building. The building is 99.8m in height with 
a quite novel configuration. See Fig.1 for the details. 
(a)     (b)  
Fig. 1. Design sketch of a high-rise residential building. 
According to current national standard “Code for Fire Protection Design of Tall Buildings” GB 50045-95(2005)[1], this 
residential building should be designed as Class I fire resistance. However, during the fire protection design of the building, 
the following problems have been found. 
3.1. Staircase for evacuation can’t run from the top to the ground and the occupants can not directly evacuate to the outside   
of the building 
From Fig.1, we can see that the building is quite novel in shape. The upper two parts of the building suspend in midair 
and each suspended part has two units. Therefore, there will be one staircase in each suspended part failing to run directly to 
the first floor. See Fig. 2 for the details. 
   
Fig. 2. Sketch map of staircases and fire lifts. 
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3.2. Fire lift can’t directly reach the first floor 
Just like the staircase, the fire lifts of those two suspended parts can’t directly reach the first floor. At the top floor 
(transfer floor) of the lower part, the fire lifts just stop and then continue in the adjacent units. See Fig.2 for the details. 
3.3. Scissor-shaped staircase shares its lobby with the fire lift 
In the trial design, the staircases have been designed in scissor shapes. The scissor-shaped staircase shares its lobby with 
the fire lift. This kind of lobby is usually called “shared lobby”[2] (two lobbies of the scissor-shaped staircase and one lobby 
of the fire lift) in China. See Fig.3 for the details. 
 
Fig. 3. Shared lobby of the staircase and fire lift. 
4. Fire safety objectives 
Generally, the fire safety objectives may include life safety, protection of property and structure, continuity of business 
operation, heritage and environmental protection. However, the fire safety objectives of a building may vary with the 
occupancy, structure and height of the building. Therefore, based on the occupancy, layouts as well as the problems in fire 
safety design of this high-rise residential building and its unique fire hazards, the following fire safety objectives have been 
defined: 
(1) All the occupants shall evacuate to the outdoor safely within the required time; 
(2) Fire shall be controlled within one family; 
(3) The conditions inside the building shall be favorable enough for fire fighters to do fire fighting and rescue safely; 
(4) The fire prevention design can reduce fire hazards effectively and control the property loss within acceptable range. 
5. Suggested solutions 
In order to fulfill the above fire safety objectives, the following solutions have been suggested. 
5.1. Transfer floor and transfer passageway 
(1) Transfer floor and transfer passageway should be designed and there should be no combustibles inside the transfer 
lobby on the transfer floor. Independent mechanical smoke exhaust system or natural smoke exhaust system with opening 
area not less than 5% of the room area should be installed to secure the safety of the occupants during evacuation through 
the transfer floor. Rooms connecting to the transfer lobby should be protected by class B fire door[3]. 
(2) On the transfer floor, the staircase and fire lift should be designed for two way evacuation[4-5]. 
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(3) Signs to indicate the location of the fire lift on the transfer floor and continuous evacuation signs should be installed 
along the transfer passageway. Emergency light should also be provided. The transfer passageway should be in a straight 
line.  
(4) Fire wall with at least 3.0 h fire resistance rating should be used to separate the transfer passageway from the adjacent 
elevator shafts, staircases, corridors and apartments. If there are openings in the fire wall, the openings should be protected 
with Class A fire door.  
(5) The steel truss of the transfer floor should be fire protected to ensure the safety of the steel structure. 
5.2. Staircase and lobby 
(1) To separate the lobby of the fire lift from that of the scissor staircase by fire wall, and provide smoke prevention 
measures according to the related national standards[6-7], see Fig.4 for details. If there are openings in the fire wall, the 
openings should be protected by Class A fire door. No room should be permitted to have doors open to the staircase so as to 
prevent smoke from spreading to the staircase. 
(2) Natural lighting and smoke exhaust facilities should be provided in the staircase; 
(3) If the lobby can’t be provided with natural lighting and smoke exhaust, mechanical smoke prevention system should 
be installed and liability and effectiveness should be ensured. 
(4) Lobby and transfer passageway should be finished with non-combustibles, no combustibles and other articles that 
may not guarantee the safe evacuation of the occupants should be permitted in the lobby and the transfer passageway; 
(5 Family doors should be protected by Class A fire door; 
(6) If the lobby can’t be provided with natural lighting and natural smoke exhaust, emergency lighting and evacuation 
indicating signs should be installed, especially in the transfer passageway. 
 
Fig. 4. Shared lobby of the staircase and fire lift. 
5.3. Other solutions 
(1) Linkage measures should be taken to ensure that the fire lifts of upper and lower parts of the building can 
automatically descend to the lowest floor (the transfer floor for the fire lifts of the upper parts and the first floor for the 
lower parts)  in case of fire; 
(2) The ducts inside the fire lift shafts should be fire stopped at each floor. Maintenance doors should be protected by 
Class C fire door. 
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(3) Fire extinguishers should be installed in the lobby and each apartment, which can be used to put out early stage fires. 
Linkage measures should be taken to ensure that the fire lifts of upper and lower parts of the building can automatically 
descend to the lowest floor (the transfer floor for the fire lifts of the upper parts and the first floor for the lower parts) in case 
of fire; 
6. Feasibility analysis 
Feasibility and effectiveness of the above solutions has been analyzed through the following 3 aspects: to secure the safe 
evacuation of occupants, to control the early stage fire and to control smoke from spreading. 
(1) To secure the safe evacuation of occupants and fire fighting practice. 
In case of fire, smoke with high temperature and toxicity brings great danger to people’s life. Therefore, the fire 
protection design of buildings shall consider how to prevent fire and smoke from spreading out of the fire origin. In this case, 
reliable fire separation shall be needed. For example, installation of fire door for each family can effectively prevent fire and 
smoke from spreading to the lobby. 
Two way evacuation transfer passageway shall be designed on the transfer floor. The transfer floor can’t be regarded as 
the second exit, however, it does provide an alternative evacuation route, so that if there is something wrong with one 
staircase, occupants on the upper floors can evacuate through the other staircase. In this way, evacuation of the occupants 
and fire fighting practice can be guaranteed. 
(2) Early stage fire control. 
This is a residential building and the area for each family is quite limited. The main fire load of the family is furniture. 
Except indoor fire hydrant system, fire extinguishers are also helpful and effective in putting out early stage furniture fires. 
Therefore, it is suggested that fire extinguishers shall be installed both in the lobby and the apartments. 
(3) Smoke control. 
In case of fire, smoke protected staircase is the only way for occupants to evacuate to a safe location while fire lift is very 
helpful in transporting fire fighting tools and equipment. Therefore, reasonable and effective smoke control measures shall 
be taken to prevent smoke and heat from spreading to staircases and elevator shafts so as to ensure the safe evacuation of the 
people and the fine conditions for fire fighting and rescue. 
When the residents escape from the fire apartment, smoke will certainly flow out. The pressurization facilities in the 
lobby can help to prevent smoke from spreading to the lobby. 
According to the above analysis, it can be proved that the fire safety design of this high-rise building is safe enough for 
occupant evacuation and fire fighting if it is designed according to the above suggested solutions. 
7.  Conclusions 
The problems in fire safety design of a high-rise residential building have been analyzed. The fire safety objectives have 
been defined according to the design features and occupancy of the building. Based on these, feasible fire safety design 
countermeasures have been suggested and their feasibility has been analyzed and discussed. Hopefully, the improved design 
methods of the building can provide valuable reference for the fire safety design of the similar buildings. 
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